It is not clear to what extent noncoding RNAs regulate the homeobox (HOX) genes that encode key regulators of development in the embryo. In this issue, Rinn et al. (2007) characterize noncoding RNAs that regulate HOX genes and discover one, HOTAIR, that unexpectedly regulates a HOX gene cluster on a different chromosome than the HOX cluster that encodes it.
Most vertebrate cells possess a single nonmotile cilium called the primary cilium. This microtubule-filled organelle, which protrudes several microns from the cell surface, is essential for correct functioning of the vertebrate Hedgehog signaling pathway and for generation of left-right asymmetry in the embryo. Moreover, defects in primary cilia are associated with obesity disorders and with the increased proliferation of cells characteristic of polycystic kidney disease (Scholey and Anderson, 2006) . Although the signaling activities of the primary cilium could actively regulate cell proliferation, cilia might also passively influence the cell cycle given their requirement for one of the centrioles of the centrosome (Figure 1 ). The centrosome directs assembly of the bipolar spindle during mitosis. The membrane of the primary cilium is firmly attached to the distal end of the centriole, which also provides the template for the nucleation of the microtubule core of the cilium (the axoneme). Thus, disassembly of the primary cilium and liberation of its captive centriole are essential for cell division. In this issue, Pugacheva et al. (2007) show that the centrosomal mitotic kinase Aurora A and HEF1, a scaffolding protein, interact to activate HDAC6 a tubulin deacetylase resulting in disassembly of the primary cilium.
Recent studies in the biflagellated green alga Chlamydomonas and in vertebrate cells indicate that the dual usage of centrioles in the formation/ maintenance of the primary cilium and in cell division is mirrored by newly recognized dual functions of proteins that regulate these events. Almost all cilia and flagella (the two organelles are equivalent) are assembled from proteins synthesized in the cell body and delivered to the ciliary tip by a complex transport mechanism called intraflagellar transport (IFT). In a recent report, Rosenbaum and colleagues demonstrated that a small G protein component of the Chlamydomonas IFT machinery, IFT27, also functions in the cell cycle (Qin et al., 2007) . Cells depleted of IFT27 by RNA interference (RNAi) failed to form flagella and were defective in cytokinesis. The cell division phenotype was specific to IFT27, as depletion of other intraflagellar transport proteins in Chlamydomonas did not influence cell division. Details of the molecular function of IFT27 in cell cycle progression are still unknown, but the authors proposed that IFT27 acts as a checkpoint protein that delays cell cycle entry until the cilium is resorbed. Related studies in mammalian cells linked another IFT protein, IFT88, to the cell cycle. IFT88 is a centrosomal protein; when overexpressed it prevents the G1-S transition and when depleted by RNAi it promotes cell cycle progression to S, G2, and M phases (Robert et al., 2007) .
The initial clues that the presence of cilia depends on cell cycle proteins came from studies in Chlamydomonas on deflagellation (an active process of flagellar detachment). A member of the cell cycle Nek kinase family called Fa2 is essential for flagellar detachment; Fa2 mutants exhibit a cell cycle phenotype with defects in G2/M (Quarmby and Parker, 2005) . More recently, Nek kinases have been linked to cilia in mammalian cells and ciliated protozoa. Proteins involved in the cell cycle also participate in the regulation of flagellar length. For instance, Chlamydomonas MAPK (LF4) controls flagellar length, as do members of the CDK and GSK3 families of protein kinases (see Tam et al., 2007, and References therein) .
The first direct molecular link between a cell cycle protein and ciliary shortening came from studies on the Chlamydomonas protein CALK, a member of the Aurora kinase family, which are involved in mitosis. CALK is phosphorylated and activated during flagellar shortening; RNAi depletion of CALK inhibits deflagellation and shortening (see reference in Pan and Snell, 2005) . CALK activation and flagellar shortening, however, were normal in the Chlamydomonas long flagella mutant LF4, thereby demonstrating that the mechanisms that regulate flagellar length are distinct from those that regulate flagellar shortening.
Assembly of the nonmotile primary cilium of vertebrate cells requires one of the centrioles of the centrosome. A cluster of new studies, including one in this issue of Cell by Pugacheva et al. (2007) , reveal that ciliary assembly proteins influence cell-cycle progression and that a centrosomal "mitotic kinase" promotes ciliary disassembly. The link between the cell cycle and the primary cilium may reflect a requirement for liberation of the ciliary centriole to allow the centrosome to form the mitotic spindle. Pugacheva et al. (2007) now show that ciliary shortening in vertebrate cells is also regulated by an Aurora protein kinase pathway. Building on earlier work with fibroblasts (Tucker et al., 1979) , Pugacheva et al. established a system to study ciliary disassembly in immortalized human retinal pigment epithelial cells. Following serum starvation, most of the cells (80%) were ciliated. Addition of serum led to waves of cilia resorption at 2 hr (G1 phase) and at 18-24 hr (most cells entering mitosis). To explore the mechanisms of ciliary disassembly, the authors looked for changes in Aurora A (AurA) and HEF1. AurA is a centrosomal kinase that regulates cell cycle progression and is activated in many cancers characterized by centrosomal amplification and genomic instability. HEF1 is a scaffolding protein that activates Aur A, has been implicated in metastasis and is involved in integrin-initiated interactions at the cell surface. Pugacheva et al. show that activated AurA was present at the basal body only in cells that had completely resorbed the primary cilium or were in the process of shortening. Serum stimulation triggered AurA phosphorylation, phosphorylation of HEF1, and ciliary shortening. A small molecule inhibitor of AurA and RNAi depletion of both AurA and HEF1 demonstrated that both proteins have essential functions in the shortening of the cilium. Furthermore, Pugacheva et al. showed that injection of active AurA into cells led to rapid shortening, whereas injection of an inactive AurA did not. Taken together, these experiments document the first nonmitotic function of AurA in vertebrate cells and show that AurA is necessary and sufficient for ciliary shortening.
Suspecting that deacetylation of the acetylated axonemal microtubules that characterize cilia might be involved in shortening. Pugacheva et al. then examined the role of the tubulin deacetylase HDAC6 in the process. As predicted, HDAC6 localized to the cilium, was associated with AurA,, and was a substrate for the mitotic kinase. Furthermore, both tubacin, a specific inhibitor of HDAC6, and depletion of HDAC6 using RNAi blocked ciliary disassembly. Moreover, phosphorylation of recombinant HDAC6 enhanced its ability to deacetylate α-tubulin in vitro. Importantly, tubacin blocked the shortening triggered by injection of active AurA.
These investigators also identified another regulatory step in ciliary disassembly in vertebrate cells that was first discovered in Chlamydomonas. Previously, it was shown that retrieval of axonemal breakdown products from the flagella to the cell body during shortening of Chlamydomonas flagella required IFT (see reference in Qin et al. 2007 ). Subsequent work demonstrated that along with blocking the loading of cargo onto the IFT particles entering flagella, trafficking Formation of the primary cilium occurs during interphase and begins when the distal end of the older (mother) centriole in the centrosome attaches to and becomes enclosed by a membrane vesicle. The microtubule core of the cilium (the axoneme) then assembles directly onto the microtubules of the centriole. As the axoneme lengthens, the primary ciliary vesicle enlarges and becomes a sheath. Eventually the sheath fuses with the cytoplasmic membrane and the primary cilium emerges from the cell surface, often enclosed in a deep invagination of the plasma membrane (Sorokin, 1962) . During S phase of the cell cycle, the centrioles duplicate and lengthen, reaching their mature length during late G2/M. In cells that do not become quiescent, ciliary shortening occurs during G2/M (Tucker et al., 1979; Rieder et al., 1979) . In quiescent cells (not shown), a wave of shortening also occurs when cells are stimulated to re-enter the cell cycle. Eventually, the primary cilium is released from the plasma membrane, often with a portion of the axoneme still attached (Rieder et al., 1979) . At the time of spindle formation, the centrosomes have matured, separated, and moved to the poles of the nucleus where the bipolar spindle is initiated from the pericentriolar material in which the centrosome is embedded (Sluder, 2004) . of these particles increased 3-to 4-fold during flagellar shortening (Pan and Snell, 2005) . These investigators demonstrate that the few cilia that form in cells partially depleted of IFT88 protein (known to be essential for ciliary assembly) are hindered during serum-stimulated shortening, and that inhibition of AurA alters the localization of IFT88 accompanying serum stimulation. Thus, signaling involving IFT might also be coupled to ciliary shortening in mammalian cells.
Does the failure to enter mitosis in cells with experimentally reduced activity of AurA, HEF1, or HDAC6 reflect a regulatory system that monitors whether the centriole has been liberated from its role as a basal body? Few studies, if any, have addressed a possible role of ciliary shortening/centriole liberation in the cell cycle in multicellular organisms. Most of these studies have been done either with ciliogenic cells under experimental conditions in which they do not form a primary cilium or with cells (e.g., HeLa cells) that apparently do not form a primary cilium. Given that tubacin and other tubulin-directed small molecules are being used to treat cancer patients, it will be important to determine whether these agents inhibit the growth of tumor cells due to disruption of ciliary shortening and the cilia-centriole-centrosome cycle.
This recent work also brings into focus a noteworthy but largely unstudied process in the cell cyclethe binding and subsequent release of the basal portion of the ciliary membrane by the distal edge of the centriole (Figure 1 ). Future studies of this process and on the pathway for cilium shortening have the potential to yield important new insights into cellular and molecular mechanisms that regulate cell proliferation.
"A thing long expected takes the form of the unexpected when at last it comes," Mark Twain once wrote. A striking example of this notion is provided in this issue by Rinn et al. (2007) . It has long been thought that HOX gene clusters, key players in embryonic development, are regulated by cis-acting noncoding RNAs (ncRNAs). In their new work, Rinn et al. use a high-resolution tiled microarray to systematically identify and characterize hundreds of ncRNAs transcribed from the HOX gene cluster of 11 human fibroblast cell lines isolated from distinct positions along the anterior-posterior and proximal-distal body axes. They home in on an intriguingly positioned ncRNA they call HOTAIR and make the surprising discovery that
